The ChaMPlane survey to identify and analyze the serendipitous X-ray sources in deep Galactic plane fields incorporates the ChaMPlane Optical Survey, which is one of NOAO's Long-term Survey Programs. We started this optical imaging survey in March 2000 and completed it in June 2005. Using the NOAO 4-m telescopes with the Mosaic cameras at CTIO and KPNO, deep images of the ChaMPlane fields are obtained in V, R, I and Hα bands. This paper describes the process of observation, data reduction and analysis of fields included in the ChaMPlane Optical Survey, and describes the search for Hα emission objects and Chandra optical counterparts. We illustrate these procedures using the ChaMPlane field for the black hole X-ray binary GRO J0422+32 as an example.
INTRODUCTION The ChaMPlane Survey
3 identifies serendipitous Xray sources located to arcsec precision in the Galactic plane fields from the Chandra archive, in order to determine the populations of accretion-powered binaries in the Galaxy (Grindlay et al. (2005) , and see Grindlay et al. (2003) ; Zhao et al. (2003) for early descriptions).
The primary goals of this survey are: 1) to identify Cataclysmic Variables (CVs) and quiescent Low Mass Xray Binaries (qLMXBs: which contain either black hole or neutron star primaries) in order to measure their number and space density luminosity functions; and 2) to determine the distributions of High Mass X-ray Binaries with Be star secondaries. The secondary goal is to study the distributions of stellar coronal source and diffuse Xray objects in the Galactic Plane. See Grindlay et al. (2005) for a complete description of the survey goals, selection criteria and initial results.
ChaMPlane consists of an X-ray and an Optical survey. The X-ray survey, supported by NASA through Chandra archival proposals, searches for X-ray sources detected serendipitously in Chandra archival fields. In the Optical Survey, supported by NOAO, we look for Hα emission sources and the Chandra optical counterparts in 4-meter telescope Mosaic images taken at CTIO and KPNO. We successfully conducted the ChaMPlane Optical Survey from March 2000 to June 2005. This 5 year survey produced 65 Mosaic fields covering about 23 square degrees and 154 ACIS observations on 105 distinct Chandra fields (defined as groups of individual observations whose aimpoints are 4 ′ apart) in the Galactic * Send request to Ping Zhao at zhao@cfa.harvard.edu 1 Visiting Astronomer, Cerro Tololo Inter-American Observatory. National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under cooperative agreement with the National Science Foundation.
2 Visiting Astronomer, Kitt Peak National Observatory, National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under cooperative agreement with the National Science Foundation.
3 http://hea-www.harvard.edu/ChaMPlane plane during Chandra Cycles 1-6. In this paper we describe the methods of the ChaMPlane Optical Survey and the procedures to search for Hα emission objects and Chandra optical counterparts. Section 2 describes the observational approach. Section 3 describes the Mosaic data reduction. Section 4 describes the photometric analysis and calibration. Section 5 describes the photometric results -the optical catalog. Section 6 gives the astrometric accuracy of the catalog. Sections 7 and 8 describe the search for Hα emission objects and Chandra optical counterparts, respectively. Section 9 describes the data product, and uses the results from the GRO J0422+32 field as an example.
2. OPTICAL IMAGING Under the NOAO Long-term Survey Program, we were granted 5 nights CTIO 4-m and 1-2 nights KPNO 4-m telescope time each year for 5 years. Before this long term program officially started in December 2000 at KPNO, we conducted a pilot run using the CTIO 4-m Mosaic on March 13-15, 2000 . Under this Survey Program, we are committed to establish an archival database to provide the community with all of our optical images as well as a photometrically-calibrated star catalog.
ChaMPlane fields are selected from the Chandra target list based on criteria given in Grindlay et al. (2005) . Deep optical imaging is the crucial first step of the ChaMPlane survey. It serves two purposes: 1) to identify candidate optical counterparts of the Chandra sources and to measure their optical magnitudes and F X /F opt ratios for approximate spectral classification and constraints on reddening; and 2) to identify CVs and qLMXBs by their ubiquitous Hα excess as "blue" objects in the R vs. (Hα− R) diagram. It also paves the way for the next step -spectroscopic follow-up for classification on identified ChaMPlane objects. Grindlay et al. (2005) for an expanded view of the galactic center region fields.).
8k×8k CCD array, which consists of eight 2048×4096 SITe CCDs. The pixel size is 15 µm (0.26 ′′ at the 4-m telescope), which gives adequate resolution. It provides a field of view of 36 ′ ×36 ′ , which covers the full Chandra/ACIS FoV. Images were taken with filters of Johnson V, R, I and Hα (80Å FWHM centered on the Hα line).
To prepare the observation, the center of each Mosaic field (i.e. the telescope pointing) was carefully positioned so that the Mosaic covers all the active ACIS chips (typically, six ACIS chips are turned on). For the Mosaic fields covering multiple Chandra observations, their centers were positioned so that the Mosaic can cover maximum numbers of active ACIS chips possible. Table 1 lists all the ChaMPlane Optical Imaging runs conducted. Table 2 is a complete list of all 65 observed ChaMPlane Mosaic fields. The name of each field is based on the main Chandra observation covered by that Mosaic field, except for fields GC1 -GC6, which are our Galactic Center mapping of 2.2 square degrees that covers 58 Chandra ACIS observations in Cycles 1-6 (including 20 SgrA* (Muno et al. 2003) , 30 Galactic Center Survey (Wang et al. 2002) and 8 other observations in the Galactic Center region). Figure 1 shows these 65 fields in Galactic coordinates.
Observations
Exposure times were targeted to obtain "shallow" exposures to sample the bright sources in the field and "deep" exposures to reach the survey goal of ∼24 mag for 5% photometry in the R filter and 10% photometry in the other filters. This is to ensure that our primary measurement of Hα−R, to search for Hα bright optical counterparts, is not compromised by limited sensitivity in the narrow-band Hα filter. This sensitivity limit is computed assuming average seeing (∼ 1.0 ′′ ), airmass (∼1.2), and lunar phase (∼4 days). Shallow exposures were 2 seconds for each of the V, R, I filters and 30 seconds for the Hα filter; deep exposures were 900 seconds each for V and I, 1200 seconds for R, and 7500 seconds for Hα. Each of the long exposures were divided into 5 dithered sub-exposures to prevent chip gaps and bad columns in the data and to provide cosmic-ray rejection. Stars usually saturate at ∼12 mag in the shallow images and ∼17 mag in the deep ones. Considering overhead time at the telescope, each field takes 3.5 -4 hours, allowing us to observe three fields per night. Absolute minimal observations require the deep R and Hα exposures.
Standard calibration images (biases, dome flats) are taken at the telescope daily before observing. Ideal sky flats are usually constructed from object frames after eliminating all the stars. In the Galactic plane, however, the stellar density is too high for this process, so instead we obtained twilight flats. Sky flats are critically important for the I and Hα images from the KPNO 4-m to remove a pupil ghost caused by light back-scattered from the telescope optics that affects the four inner Mosaic CCDs. Dark images are not needed for this project as the dark current is very low (∼ 5e − /pixel/hr for Mosaic-I and ∼< 2e − /pixel/hr for Mosaic-II). msccmatch -the US Naval Observatory A2.0 catalog (NOAO:USNO-A2) 9 and the Hubble Space Telescope Guide Star Catalog Version 2 (GSC2@STSCI)
10 -we chose to use the USNO-A2 catalog because it provides complete coverage of the sky. Following coordinate registration, we then re-project each image to a defined tangent plane using mscimage, allowing us to stack multiple images. All re-projections are carried out using sinc function interpolation because it preserves all spatial frequencies and is the mathematically correct interpolation method for well-sampled data. After the projection, each image needs to have residual large-scale (field wide) gradients in the sky background removed. This is done by using mscskysub on each projected image.
Image Stacking
Before stacking the images, the relative intensity scales are adjusted using mscimatch on each group of images to be stacked. Finally the images are stacked using mscstack with median-combine, which further removes the cosmic rays, bad pixels and other defects. Typically we end up with eight final images for each field: shallow, single images of the V, R, I and Hα filters and corresponding stacked deep images. These images are available from the ChaMPlane website 3 (see Grindlay et al. (2005) ).
PHOTOMETRY AND PHOTOMETRIC
CALIBRATION Photometric analysis uses the standard approach for DAOphot in the IRAF package noao.digiphot.daophot 11 . The source lists are generated from all eight images using the task daofind, with different threshold, i.e. the detected counts in units of sky RMS. For shallow images, the threshold is set high (∼25) to detect sources brighter than ∼19 mag; for the deep images, the threshold is set low (∼4) to detect all possible sources. A comprehensive Master Star List for each field is generated by merging these eight source lists and removing multiple detections, defined as sources with positions within 1 pixel (0.26 ′′ ) of each other. So the source positions in each master star list are on the integer pixel grid. Additional duplications will be removed while re-centering during the PSF fit photometry. The final star positions are determined by the center of their PSF. For each image, 1000 PSF star candidates were carefully selected, based on their sharpness, sround and ground values from daofind. These candidates should uniformly cover the entire field and are bright enough but not saturated. This candidate list is fed into the task psfselect, which selects the PSF stars. A Point Spread Function is calculated for each image from these PSF stars, using psf, that is constant over the whole field. Aperture photometry and PSF fit photometry (DAOphot) are carried out using tasks phot and allstar, respectively, on the Master Star List.
The photometric calibration was obtained from CCD images of ChaMPlane fields and Landolt standards (Landolt 1992) on photometric nights using the FLWO 1.2-m (north) and CTIO 1.3-m (south) telescopes, so we could spend all our 4-m time on the ChaMPlane fields. Typically we take the V, R, I images of those ChaMPlane fields to be calibrated and 2-3 Landolt fields (with 5 to a couple dozen Landolt standard stars per field) at different airmass. Standard calibration procedures were used (IRAF/noao.digiphot.photcal) to compute the photometric transformations and to determine the V, R, I magnitude standard. For the Hα magnitudes, we define the median point of Hα−R ≡ 0.
5. OPTICAL CATALOG Even with DAOphot, many false detections (e.g. near the edges, gaps and saturated stars, under the shadow of bright stars, etc.) could still survive the PSF fitting process. To select the real sources, we choose objects with the PSF fitting parameter: sharpness > −1. Results with sharpness −1 are usually too sharp to be real sources but false detections. The above selection includes both point and extended sources. Point sources usually have |sharpness| < 1; while extended sources (e.g. galaxies) have sharpness 1. After selection, for each field, a catalog is established based on the DAOphot results; each entry in the catalog includes the source ID, RA and Dec, X and Y position on the image, V, R, I and Hα magnitudes and their errors, and the PSF fitting parameters χ 2 and sharpness. All the Mosaic optical catalogs will be in the ChaMPlane Online Database along with the Chandra source optical counterparts, available from the ChaMPlane website 3 and NOAO Science Archive 12 .
6. ASTROMETRIC ACCURACY We examined the astrometric accuracy of our optical catalog using overlapping areas of the Mosaic fields in our Galactic Center (GC) mapping. We matched the positions of identical stars appearing in different Mosaic fields. Figure 2 shows the results from a rectangular (4 ′ in RA and 36 ′ in Dec) overlapping area between the GC1 and GC2 fields (see Table 2 ). The upper left panel shows the offsets of the identical stars between the two fields; the upper right panel is a histogram displaying the R magnitude difference of those stars. The two lower panels display the histograms of the RA and Dec offsets of these stars. The offsets and their errors are a little larger in RA than in Dec, because the overlapping area in RA is small (matching one side of one field to the other side of another field) while the overlapping area in Dec covers the entire Mosaic length. The standard deviation of the position mismatch is 0.0984 ′′ in RA and 0.0826 ′′ in Dec and represents the random precision of individual stars. Note that this is the worse-case scenario because we are comparing the astrometry near the chip edge and at opposite side of the Mosaic camera. The astrometry improves toward the center of the detector. Even so, the standard deviation is still less than 0.1 ′′ , which is contributed by two Mosaic fields. Assuming each one of them has the same contribution to the mismatch, the precision of each field should be 0.07 ′′ . To be conservative, we assign each individual star with an astrometric accuracy of 0.1 ′′ (1-σ). This value is used in Section 8 to identify optical counterparts of Chandra sources. 7. Hα EMISSION OBJECTS Accretion-powered binaries are characterized by their (often double peaked) hydrogen Balmer series emission lines generated in the outer region of their accretion disks. Among them, the Hα line is the most prominent. Therefore we have designed our Mosaic observations (see 2.2) to spend ∼ 6× longer exposures in Hα than in R to allow maximum sensitivity to Hα−R colors (see below). Since the Mosaic CCDs cover about 5 times more sky than ACIS-I, we expect and found on average 80% of the Hα emission objects lying outside the ACIS FoV.
To select sources with significant Hα excess, we first define the signal-to-noise ratio, S/N, in terms of the flux ratio, F, between Hα and R bands as follows.
where Hα and R are the magnitudes in the Hα and R bands; f Hα and f R are their fluxes; and F 0 corresponds to the median flux ratio of fHα 0 fR 0 in the stellar sample, i.e.
when Hα = R. 13 Since by definition F is always greater than or equal to F 0 , S/N is always greater than or equal to zero. The uncertainty, i.e. noise, of F is ∆F , which by definition is also always positive.
Since
13 A factor of F 2 0 on the right hand side of Eq. (2) is needed to preserve the continuity of the function F . ∆|Hα − R| = 2.5 ln10
where ∆|Hα − R| = (∆Hα) 2 + (∆R) 2 . Therefore
where G = is the so-called G factor, which is a function of |Hα − R| as shown in Figure 3 .
Having defined the S/N, we select possible Hα emission objects using criteria:
The first criterion (Eq. (7)) selects CVs instead of dMe stars. Figure 4 shows the composite transmission curves of the Mosaic R and Hα filters plus the CCD quantum efficiency, and Hα−R as a function of the Hα emission equivalent width (EW), assuming a flat continuum. By choosing Hα−R −0.3 we are selecting objects with Hα EW greater than 28Å. But the relation between Hα−R and Hα EW also depends on the spectral type. Figure 5 shows the Hα−R as a function of the Hα EW for different main sequence stars.
14 Most dMe stars have EW(Hα)<10Å (Mochnacki et al. 2002) , whereas most CVs (except dwarf novae in outburst) have EW(Hα)>10Å (William 1983; Warner 1995; Szkody et al. 2002 Szkody et al. , 2003 Szkody et al. , 2004 Szkody et al. , 2005 . The criterion of Hα−R −0.3 further distances the selection from the large numbers of dMe stars in each field. The second criterion (Eq. (8)) discriminates noise in the faint end. Because the G-factor is always less than 1, S/N is always less than examine all the Hα objects on the Hα and R image pairs to eliminate false detections.
8. CHANDRA OPTICAL COUNTERPARTS 8.1. X-ray source position error Serendipitous X-ray sources in the ChaMPlane fields are detected from the Chandra archival data, using the methods (the ChaMPlane X-ray processing routines XPIPE and PXP) described in Hong et al. (2005) . Each Chandra source has a position error that depends on the net source counts and off-axis angle from the aimpoint. The 95% confidence error radii, r x(95%) , are calculated as a function of net counts and off-axis angle, according to an empirical formula based on the results of raytrace simulations and XPIPE detections (Hong et al. 2005 ).
X-ray source boresight correction
Other than individual random errors, the Chandra sources also have a small systematic position offset, usually less than 1 ′′ relative to the optical positions. Before matching X-ray and optical sources, the X-ray positions are corrected for this boresight difference (∆α, ∆δ) that is determined for each observation separately.
To compute the boresight correction we first select Chandra sources with well-determined positions, i.e. r x(95%) smaller than typically 1 ′′ to 2 ′′ . If in the end it turns out that the final boresight is based on only a few (2 or 3) pairs of X-ray/optical matches, the limit on r x(95%) is increased. Optical sources are selected from the Optical Catalog to have R < 23 to guarantee good positions. If no R magnitude is available, we require that the source is brighter than 23 in either V , I or Hα -in that order of priority.
The resulting X-ray and optical source lists are crosscorrelated. Initially we accept matches inside a large match radius which combines statistical and systematic errors for a combined 2σ value:
where r x = r x(95%) /1.95996, is the 1-σ random error on X-ray positions, assuming the errors follow a Gaussian distribution; r opt = 0.1 ′′ is the random error of individual optical positions with respect to the astrometric frame (see section 6); and r xsys = 0.6 ′′ /1.6449, is the 1-σ typical boresight offset of X-ray positions (0.6 ′′ is the 90% absolute accuracy on Chandra positions 15 ). A weighted (by 1/r x(95%)
2 ) average offset in RA (∆α) and Dec (∆δ) (defined as the X-ray position minus the optical position) is computed after excluding X-ray sources with more than one possible (i.e. within R 0 ) optical counterpart. Errors on the offsets, ∆α err and ∆δ err , are computed as the square-root of the weighted variance in ∆α and ∆δ divided by the number of matches. X-ray/optical matches whose individual offsets lie more than 3 × ∆α err or 3 × ∆δ err from the average are rejected, and the weighted average is re-computed.
After correcting the X-ray positions for ∆α and ∆δ, the cross-correlation is repeated. In the second and consecutive iterations the match-radius is set as follows:
where r bore is the greater of ∆α err or ∆δ err in the previous iteration. The above steps are iterated until the boresight correction converges to a stable solution, which is reached in typically 2 to 4 passes. The result is inspected visually against a Mosaic image; optical sources with positions that look unreliable (e.g. the position could be off from the center-of-light, or there could be a nearby undetected source) are removed from the catalog and the calculation is redone. The final stable solution of the boresight correction is applied to all the X-ray positions. As an example, the boresight solution for the GRO J0422+32 field is ∆α = 0.21 ′′ ± 0.059 ′′ and ∆δ = −0.36 ′′ ± 0.044 ′′ .
Optical Counterparts
The Optical Counterparts are found around the boresight corrected X-ray positions within an error radius of:
where r x and r opt are defined in Equation 9; r bore is the greater of ∆α err or ∆δ err in the final stable boresight solution; the square root expression is the combined effective matching error, σ; c is a confidence-level scale factor (number of σ), and typically we choose c = 3 to search for optical counterparts. For each Chandra source, we search the Mosaic optical catalog (see Section 5) within R err radius for its optical counterparts. If there are more than one matches within the R err radius, they are prioritized (for follow-up spectroscopy) by the matching distance and their Hα−R color. This process produces the Chandra optical counterparts from the Mosaic optical catalogs, which contain all the objects with magnitude ranging from ∼12 to ∼25. Thus it misses out stars brighter than ∼12 magnitude, which are saturated even in the short Mosaic images. To recover those possible missing bright star counterparts, we match all the Chandra sources, using the R err radii, with the USNO-A2 and GSC2 catalogs (see Section 3.2). This process produces all the Chandra optical counterparts with magnitude brighter than ∼19. When combining the results from these two matches, and removing the duplications (i.e. objects appear in both matches), we obtain a complete set of Chandra optical counterparts for a given field.
9. RESULTS
ChaMPlane Optical Survey Products
The end products of the ChaMPlane optical photometry for each Mosaic field are:
1. An optical catalog of all the objects (regardless of object type e.g., stars, CV candidates, QSOs or galaxies, as determined by followup spectroscopy) detected in the entire Mosaic field. Each entry includes the source ID, RA and Dec, X and Y position on the image, V, R, I and Hα magnitudes and their errors, as well as the PSF fitting parameters χ 2 and sharpness, colors V−R, R−I, Hα−R and their errors, and S/N of Hα−R (as defined in Section 7). Section 7) found in the entire Mosaic field. 
A list of Hα emission sources (as defined in

Example Results for GRO J0422+32 Field
In this section, we use the black hole X-ray nova GRO J0422+32 Chandra field (ObsID 676, 20 ks ACIS-I observation) as an example to demonstrate the typical output of the photometry survey. The optical catalog from this Mosaic field has 29714 entries, with magnitudes ranging from 12.4 to 25.5. The catalog is accessible at the ChaMPlane website 3 . Table 3 is a list of Hα emission sources with Hα−R −0.3 and S/N 5 (these criteria can, of course, be changed to select different Hα sources). There are 18 Hα sources that satisfy these criteria. Among them, ID 97731 is J0422+32 itself. It has very strong Hα emission (Hα−R = −1.45 and S/N = 61.4) and therefore it was easily detected in our survey. ID 108811 is the first CV discovered under the ChaMPlane project. It has strong Hα emission (Hα−R = −0.76 and S/N = 41.8). It was found outside the ACIS FoV so we do not know its X-ray properties. Its CV status was confirmed via spectroscopy (Rogel et al. 2005) . ID 87347 is a very strong Hα emission object with Hα−R = −1.54 and S/N = 10.2, corresponding to EW = 320Å based on Figure 4 . It is also (barely) detected in B images taken with the Wide Field Camera on the 2.5-m Isaac Newton Telescope on La Palma, on Jan 13, 2004. A preliminary estimate gives B=25.1(2). This object is inside the ACIS-I FoV. However, no X-ray emission was detected from this object. The (unabsorbed) flux detection limits (3-σ) of this object are uF x(0.5−2.0keV ) 2.5×10 −15 ergs cm −2 sec −1 , uF x(2.0 − 8.0keV ) 9.5 × 10 −15 ergs cm −2 sec −1 , and uF x(0.5 − 8.0keV ) 5.6 × 10 −15 ergs cm −2 sec −1 , assuming N H = 1.9 × 10 21 , based on Schlegel et al. (1998) , and a power-law spectrum with Γ = 1.7. This yields the absorbed and unabsorbed flux ratios F x (Hc)/F r 10.4 and uF x (Hc)/uF r 5.2. This object can potentially be a CV, because its EW is much too large to be a dMe star. Deeper Chandra images and optical spectra are required, though this shows the generally comparable depths of the Mosaic and Chandra-ChaMPlane images. Figure 6 shows the R and Hα images of these three Hα emission sources. Table 4 is a list of point Mosaic optical sources (i.e. |sharpness| < 1) found within the match-radii (Eq. 11) of all the level 2 Chandra sources 16 . XPIPE detected 62 point sources on the four ACIS-I chips. One of the 62 is the target -J0422. The other 61 are all newly discovered X-ray sources, based on a search in the SIMBAD Astronomical Database 17 . 37 of these X-ray sources match with 43 point optical counterparts within the 3-σ search 16 See Hong et al. (2005) for definition of levels; for this ObsID level 2 sources are all the valid sources on the ACIS-I chips 17 SIMBAD Astronomical Database is operated at CDS, Strasbourg, France, http://simbad.u-strasbg.fr/cgi-bin/WSimbad.pl radius. Four of the X-ray sources have two possible counterparts each and one X-ray source has three possible counterparts within the 3-σ error circle. Table 5 is a list of extended optical counterparts (i.e. sharpness 1) of Chandra sources from the Mosaic catalog. There are 3 X-ray sources which match with 3 extended optical counterparts. They are most likely galaxies.
A search of USNO-A2 and GSC2 catalogs yields 6 and 5 optical counterparts, respectively. However, all of them are duplicates, i.e. they are already included in the list of the Mosaic optical counterparts. Therefore, by combining Table 4 and Table 5 , there are 40 Chandra sources matching with 46 (point or extended) optical counterparts, which is the complete set of Chandra optical counterparts in the J0422+32 field. Table 6 is a list of 22 Chandra sources without optical counterparts, with their optical magnitude limit as measured with the Mosaic photometry. Table 7 is a list of 5 bright stars in the Henry Draper (HD) Catalog, found within the ACIS-I FoV through a SIMBAD search, with their known spectral type and (for late-type stars only) expected X-ray flux ranges for late-type stars only based on ROSAT observations (Schmitt & Liefke 2004) . None of these 5 stars were detected by the Chandra observation of J0422. The soft band flux detection limit at position of these 5 stars are also listed in the Table. Figure 7 shows the final stacked deep R image of the field GRO J0422+32, which consists of 10 individual (two sets of 5 dithered) images, with a total exposure time of 2100 seconds. It also shows the ACIS, Chandra sources and their optical counterparts and Hα emission sources overlay. Figure 8 is the same figure but zoomed in around the ACIS-I aimpoint. Figure 9 shows the J0422+32 field (Hα−R) vs. R a The full Chandra SrcID has prefix XS00676 for the J0422+32 observation (ObsID 676). b r is the 3-σ match-radius of the X-ray source in arcsec. c d is the matching distance between X-ray source and its optical counterpart in arcsec. d σ is the matching distance in unit of 1-σ error radius. color-magnitude and (V−R) vs. (R−I) color-color diagrams within the ACIS-I FoV. Figure 10 shows the same diagrams of objects outside the ACIS-I FoV.
9.3. Follow-up Observations The next step of the ChaMPlane optical survey is to obtain the optical spectra of all the Hα emission sources and the Chandra optical counterparts found in the ChaMPlane photometry in order to determine the nature of the objects. This is the final, crucial step for completing the survey. We have been conducting the spectroscopic follow-up using the WIYN 3.5-m (Rogel et al. 2005) and MMT 6.5-m telescopes for the northern ChaMPlane fields and the CTIO 4-m and Magellan 6.5-m tele- , and E(B-V), assuming the object is a main sequence star. c The full column N H /10 22 , based on Schlegel et al. (1998) . d The expected X-ray flux range in the ROSAT band (0.1−2.4 keV), in unit of 10 −15 ergs cm −2 sec −1 , assuming main sequence stars, based on Schmitt & Liefke (2004) . The expected X-ray flux from giants are even lower. e Fx-lim is the absorbed soft band (0.5 − 2.0 keV) flux detection limit (3-σ) of this Chandra observation, in unit of 10 −15 ergs cm −2 sec −1 .
f uFx-lim is the unabsorbed soft band flux detection limit (3-σ). scopes for the southern fields. Because of the severe extinction in visible bands towards the Galactic center, we are also carrying out infrared imaging photometry for the Galactic bulge fields (Laycock et al. 2005) .
10. SUMMARY We have successfully conducted and completed the optical imaging and Mosaic photometry for the ChaMPlane survey. Considerable followup work (spectroscopy as well as additional photometry analysis) is now in progress to identify the nature of the sources and will be reported in subsequent papers. The photometry survey obtained 65 Mosaic fields, or ∼23 square degrees in the Galactic plane and covers 154 Chandra observations on 105 distinct Chandra fields, which is what we proposed to accomplish. Using 6 Mosaic pointings, we mapped out 2.2 square degrees around the Galactic center using V, R, I and Hα filters to cover 58 Chandra ACIS observations. This is the deepest optical survey towards the Galactic center, so far. This paper summarizes our Mosaic photometry observations and describes our data reduction method. Deep Mosaic imaging produces comprehensive optical catalogs for each ChaMPlane field. The R and Hα differential photometry efficiently detects Hα emission sources. Our search method effectively finds the optical counterparts for the majority of Chandra sources in the low extinction fields. Spectroscopy follow-ups for the Chandra optical counterparts and Hα emission sources for classification complete the ChaMPlane survey. All the optical catalogs produced by the ChaMPlane optical survey will be 
